study question: What is the current literature on the safety and efficacy of selective serotonin reuptake inhibitor (SSRI) use in infertile women?
Introduction
Antidepressant medications are the most commonly prescribed medications taken by persons aged 18 -44 years in the USA (Pratt et al., 2011) . The rate of antidepressant use in the USA has increased 400% in the past 20 years (Pratt et al., 2011) . It is estimated that 11% of women take an antidepressant (Barber, 2008) and estimates suggest that up to 13.4% of pregnant women take an antidepressant during all or part of their pregnancy (Cooper et al., 2007) . In a recent study of women who took an antidepressant during pregnancy, 3.8% took a selective serotonin reuptake inhibitor (SSRI) and 0.7% took bupropion (chemically unrelated to the SSRIs) (Alwan et al., 2011) .
A standard recommendation for women who report the need for medication to treat symptoms of depression during their pregnancy has been that the benefit of antidepressant use outweighs the risk of depression during the gestational and post-partum period. There is an assumption in the psychiatric community that the risks to a fetus are greater if the mother has untreated symptoms of depression, which may be associated with poor nutrition, alcohol and drug use and increased suicide risk. The premise is that the antidepressant, by improving maternal mood, will lead to better pregnancy outcomes. However, to date there has never been an RCT to support that theory. There is compelling evidence that SSRI use prior to and during pregnancy can pose significant risks to the pregnancy and to the short-and long-term health of the baby (Wenner, 2010) . These risks can include miscarriage, birth defects, preterm birth, preeclampsia, newborn behavioral syndrome, neonatal prolonged QT syndrome, persistent pulmonary hypertension of the newborn and long-term neurobehavioral changes (Urato, 2011) . There is no published study which shows an improved pregnancy outcome in women who took SSRIs compared with unexposed women.
Additionally, there is a great deal of controversy about the efficacy of SSRI medication to treat mild-to-moderate depression. Most of the published research does show that medication is somewhat more effective than a placebo in patients with severe depression. However, the majority of unpublished data do not support this hypothesis for mild or moderate forms of depression (Urato, 2011) .
These issues are particularly concerning for patients with infertility, who are especially vulnerable to symptoms of depression. They are also at an increased risk for miscarriage and pregnancy complications, including stillbirth, low birthweight and prematurity (Herbert et al., 2012) .
The interpretation of the risk/benefit ratio of treating depression with medication in this patient population is controversial. While there have been numerous studies on antidepressants and the risks of pregnancy complications, there have been very few studies on the effectiveness of antidepressants during pregnancy. It is not clear, for example, whether antidepressants are effective in treating depression during pregnancy and what the magnitude of that effectiveness is. Cohen et al. (2006) determined a 68% relapse rate in depression in women who discontinued medication during pregnancy versus a 25% rate in those who continued taking their medication. Yonkers et al. (2011) found the opposite, showing no association between antidepressant use by pregnant women with a history of depression and the risk of a major depressive episode. The potential risks of untreated depression prior to or during pregnancy should not be ignored.
However, given the potential risks to mother and baby with continued SSRI use and the lack of proven benefit, it is clear that alternative safe, effective non-pharmaceutical options are needed for the treatment of infertility patients who are depressed.
Research on alternatives to SSRI treatment for individuals with symptoms of depression supports the efficacy of psychotherapy, including cognitive behavior therapy (CBT), exercise and yoga. Recent data indicate that CBT is more effective than SSRIs for treating symptoms of depression in infertile women (Faramarzi et al., 2008a,b) . The use of certain nutritional supplements may be beneficial as well (Osher and Belmaker, 2009; Ravindran et al., 2009) .
Health-care professionals who treat infertility patients need to be aware of the risks of antidepressant medications in order to provide adequate counseling for their patients, as well as be able to present possible alternatives to treat depressive symptoms. This literature review is designed to cover both topics. The goals of this review are to: † review current research on the efficacy of SSRIs to treat depression; † review the impact of SSRI treatment on fertility and infertility treatment; † challenge the assumption that the risks of SSRIs use are lower than the risks of untreated mild and moderate depression in pregnant women; † explore the impact of SSRI treatment on pregnancy and neonatal health; † provide an analysis of other research-proven options for the treatment of depressive symptoms in the infertile patient population.
The prevalence of depression and SSRI use in the infertile female population
Although depressive symptoms are a barrier to seeking infertility treatment, infertile women who do seek out medical advice are more likely than fertile women to report depressive symptoms (Herbert et al., 2010) . Women with a history of depression are twice as likely to subsequently experience infertility compared with women with no history (Lapane et al., 1995) . The prevalence of depressive symptoms is difficult to ascertain since it is impacted by the mode of data collection (self-report versus psychiatric interview). Recent research indicates that the prevalence can range from 11% (Volgsten et al., 2008) to 18% (Chiaffarino et al., 2011) , 27% (Chen et al., 2004) and 73% (Farzadi and Ghasemzedah, 2008) . Demyttenaere et al. (1998) reported that 19% of patients reported moderate-to-severe depressive symptoms prior to an IVF cycle and an additional 54% reported mild symptoms. It is clear that infertile women are significantly more likely to experience symptoms of depression than fertile women, although the exact relationship between depression and infertility is unclear. Depression appears to increase the risk of infertility, although many infertile women who report depressive symptoms do not have a prior history. The challenge of assessing the prevalence and impact of SSRI use among any cohort of infertile women relates to the inaccuracy of patient self-reporting. In a retrospective chart review of IVF patients, only 4% were identified as taking an SSRI (Klock et al., 2004) .
Another study also determined a 4% prevalence of SSRI use (Friedman et al., 2009 ). However, a recent review of the electronic medical records at Boston IVF, Waltham, MA, USA revealed that 11% of patients reported on the electronic medical record patient portal that they were taking an antidepressant: yet only 4% acknowledged using these medications to the anesthesiologist at the time of oocyte retrieval. Thus, it is possible that patients may feel more comfortable admitting to medication use in an electronic format compared with an oral history to a physician, thus leading to underreporting in certain circumstances.
The efficacy of antidepressants to treat symptoms of depression
The effectiveness of antidepressants for the treatment of depression has been the subject of much controversy and confusion. Three major issues contribute to the lack of clarity regarding this area. The first issue is a lack of understanding of the biologic basis of depression and how antidepressants might work. The second is the publication bias-the fact that positive studies (i.e. those showing antidepressants to be effective) tend to get published, while negative or equivocal studies do not. The third issue is the placebo effect, with numerous studies in this area showing a large benefit of placebo in the treatment of depression.
Antidepressants have been promoted as helping to restore normal brain chemistry. A prominent theory regarding the etiology of depression has been that depression represented a deficiency of serotonin, norepinephrine or other neurotransmitters. The SSRIs were then seen as helping to restore a normal level of serotonin (and other neurotransmitters) in the brain. However, evidence that depressed patients have serotonin abnormalities or deficiencies is inconclusive (Moncrieff and Cohen, 2009) . Numerous studies in this area have failed to establish the serotonin deficiency hypothesis for depression (Heninger et al., 1996; Roggenbach et al., 2002; Lacasse and Leo, 2005) . Furthermore, there is no evidence to support that antidepressant medications work to 'reverse' a neurotransmitter abnormality (Moncrieff and Cohen, 2006) .
For the past few decades, the published literature has supported the theory that antidepressants were highly effective in the treatment of depressive symptoms, with .90% of published studies demonstrating positive results. In a seminal publication in the New England Journal of Medicine in 2008, Turner et al. (2008) obtained data directly from the US Food and Drug Administration (FDA)-some of which came through a Freedom of Information Act request. These data showed that of the 74 FDA registered studies on antidepressants, 23 of them (31%) were never published. Whether the studies were published and how they were reported were strongly related to the study outcome. The FDA found 38 out of the 74 studies to be positive, meaning that there was evidence that the antidepressant worked. Of these 38 positive studies, 37 were published. Of the remaining 36 studies, 24 were negative (i.e. showing that the antidepressant was not effective) and 12 were questionable (i.e. those studies that the FDA judged to be neither positive nor clearly negative); that is, studies that did not have significant findings on the primary outcome but may have had significant findings on several secondary outcomes. Of these 36 negative or questionable studies, only 3 were actually published as not positive. Of the remaining 33 studies, they were not published (22 of them) or were published with a positive spin (11 of them) that conflicted with the FDA's conclusion. The Turner et al. (2008) study demonstrated convincingly that part of the assumption of antidepressant efficacy was linked to selective publication of positive studies.
Subsequent studies have supported the idea that a thorough evaluation of the evidence on antidepressants suggests that they have limited benefit. Fournier et al. (2010) performed a patient-level meta-analysis on antidepressant studies. Studies were included if their authors provided the requisite original data, they comprised adult outpatients, they included a medication versus placebo comparison for at least 6 weeks, they did not exclude patients on the basis of a placebo washout period and they used the Hamilton Depression Rating Scale (HDRS). These authors found that there was a large placebo effect and that the difference between medication and placebo was a function of the initial severity of the patient's depression. The magnitude of benefit of antidepressant medication was minimal to non-existent for patients with mild-to-moderate symptoms.
The findings of Fournier et al. (2010) were consistent with the prior research in this area (Khan et al., 2002; Kirsch et al., 2008) . Kirsch et al. (2008) obtained data on all clinical trials submitted to the US FDA for the licensing of four newer generation antidepressants (i.e. fluoxetine, venlafaxine, nefazodone and paroxetine). They then assessed the effects of initial severity on improvement scores for drug and placebo groups. They found that drug -placebo differences increased as a function of initial severity, with virtually no difference at moderate levels of depression to a small difference for patients with very severe depression. They concluded that drug -placebo differences in antidepressant effectiveness are relatively small even for severely depressed patients and no difference was found in those with moderate depression.
Much of the presumed clinical efficacy of antidepressants is due to the placebo effect of medications for the treatment of depression. A consistent finding in the antidepressant trials is that there is a very high response rate to placebo for patients with depression. Such response is typically significantly greater than 50% (Kirsch, 2009) , and the response rate appears to be higher when an 'active' placebo is used compared with an 'inactive' placebo. An active placebo is a placebo that, for example, causes dry mouth. When an active placebo is compared with an inactive placebo, the result is that the patients receiving an active placebo do better; that is, they have a greater reduction in symptoms (Moncrieff et al., 2004) .
This phenomenon would be expected to also make antidepressants appear to be more effective than they truly are. Active placebos were compared with antidepressants in a recent Cochrane review (Moncrieff et al, 2004) . The authors concluded the following: 'This review examined trials which compared antidepressants with 'active' placebos, that is placebos contains active substances that mimic side effects of antidepressants. Small differences were found in favor of antidepressants in terms of improvements in mood. This suggests that the effects of antidepressants may generally be overestimated and their placebo effects may be underestimated. ' Overall, the preponderance of evidence suggests that antidepressants do not provide clinically meaningful benefit for most patients with mild or moderate depression. A biochemical etiology behind Risks of serotonin reuptake inhibitors in infertile women depression has not been proven and there is no evidence to support that antidepressants 'correct' a biological abnormality. Much of the presumed efficacy of antidepressants in clinical use is due to the significant placebo effect that is found with the treatment of depression. The literature appeared to support the effectiveness of antidepressants in the treatment of depression but much of this was related to selective publication of positive studies. Altogether, scientific data are lacking to provide a firm foundation for the use and efficacy of antidepressants in the treatment of most patients with depression.
The impact of antidepressants on fertility potential and infertility treatment
Limited data exist on the effect of antidepressant treatment, and specifically SSRIs, on the fertility potential of couples or on the success of infertility treatments. A Medline search was performed, using the key words 'antidepressant' or 'SSRI', and 'fertility'. After separating only pertinent publications, a total of 9 human and 10 animal studies were identified. The human studies included three on female subjects, four on male subjects and one on infertile heterosexual couples and are summarized in Table 1 .
In a prospective, randomized, double-blind, placebo-controlled trial of 152 non-depressed infertile women who were randomized to receive either fluoxetine or folic acid during their first IVF cycle (Serafini et al., 2009), there were no differences in the number of oocytes retrieved, number of oocytes with two pronuclei, number of embryos transferred and number of 'top-quality' embryos available for either transfer or cryopreservation.
In a retrospective chart review comparing patients who took SSRIs with matched controls (Klock et al., 2004) , there were no significant differences in peak serum estradiol, number of oocytes retrieved, number of oocytes fertilized, percentage of zygotes reaching the 8-cell stage on Day 3, percentage achieving blastulation on Day 5, day of transfer, number of embryos transferred and frozen or posttransfer serum hCG values. The two groups did not differ significantly in terms of ongoing pregnancies (singleton or twin), miscarriage or non-pregnancy rates. However, although not significant, the SSRI group had a 46% pregnancy rate compared with a 63% rate in the non-SSRI group. The authors comment that the lack of a statistical difference between the 54% non-pregnant rate in the SSRI group and the 37% rate in the control group does not necessarily preclude clinical significance. Friedman et al. (2009) compared SSRI users to non-users and demonstrated no differences in the outcome after adjusting for maternal age, ovarian stimulation protocol, parity and use of ICSI. However, there was a statistically higher cycle cancellation rate among SSRI users (26.8%) compared with non-SSRI users (10.0%).
The final study evaluated 140 infertile heterosexual couples in whom at least one of the partners was given a clinical diagnosis of depression, ranging from moderate to severe (Ramezanzadeh et al., 2011) . The subject couples were randomized to receive psychiatric intervention before or during infertility treatment, and controls did not receive treatments. The psychiatric intervention comprised psychological treatment with CBT, individual psychotherapy and treatment with fluoxetine (20 -60 mg daily depending on symptom severity). Pregnancy was achieved among 47% of the couples randomized to treatment, compared with only 7% of controls.
In summary, the data on the effects of SSRIs on fertility potential and infertility treatment success are sparse. The existing literature points to a potential negative effect of these medications on semen parameters and IVF outcomes, and meticulous investigation by large, RCTs is warranted.
The impact of antidepressants on pregnancy, neonatal health and beyond
Since the launch of the SSRI Prozac in 1987, millions of pregnancies worldwide have been exposed to antidepressants, most often the SSRIs. Numerous studies have sought to determine what effects antidepressants have on pregnancy outcomes. There are two major limitations of the studies that have been performed. The first limitation is that no RCTs have been conducted. There is controversy surrounding this issue (Coverdale et al., 2008) but, for the most part, the scientific consensus has been that it is not ethical to randomize a pregnant woman to receive an antidepressant drug or not. The second limitation is that with antidepressant use during pregnancy, it is often difficult to characterize the 'exposed' group. Many women stop their antidepressants when they discover that they are pregnant (Petersen et al., 2011) . Most of these women have had firsttrimester exposure and, in this sense, they can be considered 'exposed'. But they are not exposed to the same extent as those women who remain on the drugs throughout the entire pregnancy. In some studies the group that stops is considered exposed, while other studies consider this group to be 'not exposed'. Also, some women stop the medication for some time during the pregnancy but then resume it later. Consequently, characterizing exposure correctly can be difficult. Such misclassification is likely to bias effect estimates to the null-incorrectly establishing that a lack of association exists between antidepressants and pregnancy complications.
Despite these limitations, several findings in the literature assessing the impact of antidepressant use on pregnancy outcomes have been consistent.
Miscarriage
Several studies have assessed the association between antidepressant use during pregnancy and spontaneous abortion (miscarriage). In 2009 a joint report was published on the management of depression during pregnancy (Yonkers et al., 2009 ). This report was from the American Psychiatric Association (APA) and the American College of Obstetricians and Gynecologists (ACOG). The ACOG/APA review confirmed the association between antidepressant use and miscarriage stating: 'increased risk for spontaneous abortion is associated with the use of various antidepressants in early pregnancy'.
Birth defects
The studies on the association between SSRI antidepressants and birth defects have been mixed but there has been a consistent 'signal' implicating SSRI use during pregnancy to various congenital anomalies. The most publicized and consistent of these associations has been that between paroxetine (Paxil) and cardiac defects. This association led to an FDA warning in 2005 and for the FDA to ask the manufacturer GlaxoSmithKline to change the pregnancy category from C to D, a stronger warning. Category D means that studies in pregnant women (controlled or observational) have demonstrated a risk to the fetus. Paroxetine is considered a Category D drug in pregnancy (FDA, 2005) .
The miscarriage data are concerning insofar as they relate to the birth defect findings. Most agents or exposures that are consistently associated with miscarriage (e.g. diabetes, smoking, antiepileptic drugs) are also eventually shown to be associated with birth defects. It is likely that in many cases an agent that, in a worst-case scenario, can injure a pregnancy to the point at which that pregnancy is lost (miscarriage) can also cause injury to that pregnancy to a lesser extent (birth defects) if the result is not a complete pregnancy failure.
Preterm birth
Preterm birth is, perhaps, the most pressing obstetrical complication. Delivery before 37 weeks affects over 12% of pregnancies and it is associated with significant neonatal morbidity and mortality as well as financial cost to society. One estimate put the cost at 26.2 billion dollars per year (IOM, 2006) .
Over 30 studies have characterized preterm birth rates in pregnancies that are exposed to antidepressants versus those that are not exposed and the results have been consistent. The overwhelming majority of these studies have found increased rates of preterm birth in the antidepressant exposed group. In most of these studies the results have been statistically significant.
The largest trial (Reis and Källén, 2010) which assessed the outcomes of 14 821 women taking antidepressants found increased rates of preterm birth across all classes of antidepressants with odds ratios (OR) ranging from 1.46 [95% confidence interval (CI): 1.31-1.63] for the SSRIs to 1.98 (CI: 1.49-2.63) for the serotoninnorepinephrine reuptake inhibitors (SNRIs) and 2.36 (CI: 1.89-2.94) for the tricyclic antidepressants.
There is also some suggestion in the literature of a dose-response effect, with patients on higher doses of antidepressants being more likely to have a preterm birth (Roca et al., 2011) . A similar finding has been shown for length of exposure to the antidepressant during pregnancy (Oberlander et al., 2008) .
Recent studies, published in 2012, in this area have confirmed the association between SSRI antidepressant use and preterm birth and have shown that a major depressive episode without SSRI use does not increase the risk of preterm birth (Hayes et al., 2012; Yonkers et al., 2012) : again highlighting the fact that the risk of the pregnancy complication appears to be an effect of the drug (SSRI) and not the disease itself (depression) because the depressed patients who were not exposed to the SSRI did not have increased rates of preterm birth.
Newborn behavioral syndrome
It is now well established that newborns who have been exposed to antidepressants in utero have high rates of what has been called the newborn behavioral syndrome. This syndrome has been estimated to affect up to 30% of all exposed newborns (Levinson-Castiel et al., 2006) . The syndrome consists of such symptoms as persistent crying, jitteriness and difficulty feeding. While it is often mild, the syndrome can also be characterized by more severe outcomes including seizures and difficulty breathing-sometimes requiring intubation.
The FDA (FDA, 2004) and Health Canada (Health Canada, 2004) have both issued warnings regarding SSRI antidepressant use during pregnancy and newborn behavioral syndrome. It is not known whether the syndrome represents neonatal withdrawal from the medications or 'overstimulation' from the persistence of the medications in the fetal system. Long-term effects of the syndrome are also unknown.
Neonatal electrocardiograph changes
In adults the SSRI antidepressants have been shown to lead to a cardiac conduction abnormality called the prolonged QT syndrome (Zemrak and Kenna, 2008) . Recently, this issue was studied in newborns to determine if exposure during pregnancy would also lead to prolonged QT syndrome (Dubnov-Raz et al., 2008) . The results of Risks of serotonin reuptake inhibitors in infertile women this study showed that 10% of newborns exposed to the SSRI antidepressants in utero will have markedly prolonged QT intervals.
It is known that prolonged QT interval can lead in some cases to Torsades de Points-a fatal ventricular arrhythmia. The authors of the neonatal electrocardiograph (EKG) study have called for routine screening EKGs on all newborns who have been exposed to SSRI antidepressants in utero (Dubnov-Raz et al., 2010).
Persistent pulmonary hypertension of the newborn
Persistent pulmonary hypertension of the newborn (PPHN) is a condition in which there are elevated pulmonary blood pressures leading to neonatal respiratory distress and hypoxemia. The condition is potentially fatal in a significant number of affected newborns (around 10%). Concerns about in utero exposure to SSRIs leading to PPHN were raised as early as 2006 (Chambers et al., 2006) , in a study which showed that fetal exposure to SSRIs after 20 weeks gestation was associated with increased risks of PPHN, prompting an FDA warning regarding this association in July 2006 (FDA, 2006) . Subsequent studies revealed somewhat mixed results on this issue (Kallen and Olausson, 2008; Andrade et al., 2009; Wilson et al., 2011) and the FDA released a caution in this area in 2012 (FDA, 2012) .
More recent studies have shown that antidepressants do appear to be associated with PPHN. The largest study from a Nordic database has confirmed the original findings showing that SSRIs are associated with PPHN (Kieler et al., 2012) . In this study, exposure to SSRIs in late pregnancy was associated with an increased risk of PPHN with an adjusted OR of 2.1 (95% CI: 1.5-3.0).
Pre-eclampsia
Pre-eclampsia is a common disorder during pregnancy, affecting 5-10% of women. It is diagnosed on the basis of hypertension and proteinuria, typically developing in the third trimester of pregnancy. The pathophysiology of the disease is believed to be related to the placenta and vascular effects. As antidepressant drugs, particularly those affecting the serotonin system, are known to have vascular effects and possibly placental effects as well, an association with pre-eclampsia is plausible.
This hypothesis has been explored in recent trials. Toh et al. (2009a,b) analyzed data from 5731 pregnant women who were enrolled in the Sloane Epidemiology Center Birth Defects Study from 1998 to 2007. The risks of gestational hypertension and pre-eclampsia were compared between those women who did take SSRI antidepressants during pregnancy and those who did not. These investigators found that of the patients taking an SSRI during pregnancy, 19.1% developed gestational hypertension versus 9.0% of those who were not taking an SSRI. When the SSRI was taken influenced the results: of the patients taking SSRIs only during the first trimester, 13.1% developed gestational hypertension while the percentage was 26.1% in the women who continued taking SSRIs beyond the first trimester. The results for pre-eclampsia were similar, with an occurrence of 2.4% in those not taking SSRIs versus 3.7% in those exposed only during the first trimester and 15.2% among women who continued SSRIs beyond the first trimester.
The Swedish Medical Birth Register trial (Reis and Källén, 2010 ) is a very large trial that explored the pregnancy outcomes in 14 821 women exposed to antidepressants compared with the unexposed pregnancies in Sweden. For the association between early use of antidepressants and pre-eclampsia, this trial found an OR of 1.28 (1.19-1.37). The OR for later use of antidepressants was 1.38 (1.25-1.53). For those patients who had both early and later use, the OR was 1.50 (1.33-1.69).
Similar findings were reported by De Vera and Berard (2012) . These investigators conducted a nested case -control study within the Quebec Pregnancy Registry in Canada. They found that the use of SSRIs was associated with pregnancy-induced hypertension (OR: 1.53, 95% CI: 1.01 -2.33). Assessing each medication individually, they found a particularly elevated risk with the use of paroxetine (OR: 1.81, 95% CI: 1.02 -3.23).
Overall, there has been relatively little published in the area of antidepressant exposure and hypertensive disorders of pregnancy. The available data suggest that there may be an association and that the association is affected by the amount and timing of exposure during the pregnancy. Given the importance of the hypertensive disorders of pregnancy in terms of maternal and newborn morbidity and mortality, and the widespread use of antidepressants during pregnancy, further investigation into this area will be essential.
Fetal growth effects
The literature on the effect of antidepressant use on fetal growth has been somewhat mixed. Several studies have addressed this area but only a few had adequate power. Trying to separate growth effects from gestational age effects can be a challenge and not all studies have addressed this. For example, a study showing that pregnancies exposed to antidepressants have more preterm births may also show a lower birthweight in the exposed group. However, it is important to separate whether the birthweight difference is simply attributable to the difference in gestational age or whether there are actual fetal growth effects. As with the study of other complications, it is also preferred to match to women with depression who are not treated with SSRIs. Oberlander et al. (2006) used population health data from British Columbia, Canada, studying 119 547 births. They compared pregnancy outcomes in three groups of women: depressed mothers receiving SSRIs (SE-D), depressed mothers not treated with medication (DE) and non-exposed controls. These investigators found that birthweight (and gestational age) for SSRI-exposed infants (SE-D) was significantly less than that for depression-only exposed (DE) infants. When outcomes were compared between SE-D and propensity score-matched DE neonates, SE-D was associated with increased incidence of birthweight below the 10th percentile and rates of respiratory distress.
In another study, Oberlander et al. (2008) compared a 'late' gestational-exposure group with an 'early' gestational exposure group to determine whether late exposure to SSRIs is associated with increased risks of adverse neonatal outcomes compared with early exposure. They found that after controlling for maternal illness, longer prenatal exposure increased the risks of lower birthweight.
The 2009 report from the APA and ACOG (Yonkers et al., 2009 ) confirmed the association, stating the following: 'Reductions in birthweight, LBW and SGA are associated with SSRI use in pregnancy'.
Long-term neurobehavioral effects
Animal data have shown that exposure to SSRI antidepressants during development can lead to changes in brain development, including changes at the level of the individual neuron (Lee, 2009) . Such brain changes have also been shown to correspond to behavioral changes in exposed animals.
Human data have shown an association between in utero exposure and altered motor development. Casper et al. (2003) studied 13 children whose mothers had depression during pregnancy and elected not to take medication, and compared this group with 31 children of depressed mothers treated with an SSRI. They found that the children who were exposed to SSRIs in utero scored lower on the Bayley psychomotor development indexes and the motor quality factor of the Bayley Behavioral Rating Scale than unexposed children. Pedersen et al. (2010) investigated the Danish National Birth Cohort and compared developmental milestones at 6 and 19 months of age in three groups of children: 415 mothers exposed to antidepressant medication, 489 with depression and no medical treatment, and 81 042 mothers with no depression and no use of psychotropic medication. They found that children with second-or third-trimester exposure to antidepressants were able to sit 15.9 days (95% CI: 6.8-25.0) and walk 28.9 days (95% CI: 15.0 -42.7) later than children of women not exposed to antidepressants. This was still within the normal range of development. Fewer children with second-or third-trimester exposure to antidepressants were able to sit without support at 6 months of age [OR: 2.1 (95% CI: 1.23 -3.60)], and fewer were able to occupy themselves at 19 months of age [OR: 2.1 (95% CI: 1.09 -4.02)].
A recent study (Croen et al., 2011) explored the association between exposure to antidepressants during pregnancy and childhood autism spectrum disorders. In this case-control study from the Kaiser Permanente Medical Care Program in Northern California, the authors found a more than 2-fold increased risk of autism spectrum disorders associated with maternal treatment with SSRI antidepressants during the pregnancy, with the strongest effect associated with treatment during the first trimester. No increase in risk was found for mothers with a history of mental health treatment in the absence of prenatal exposure to SSRIs.
Alterations in the serotonin system and autism have been explored for decades (Anderson et al., 1990) . Animal models suggest that exposure to SSRIs during early brain development can produce abnormal emotional behaviors in adult animals, indicating an important role for serotonin in the development of the brain and behaviors (Ansorge et al., 2004) . Given what has been described as a growing epidemic of autism spectrum disorders, further research into the association between antidepressant use during pregnancy and autism will be critical.
What the literature does not show: improved pregnancy outcomes
Since the launch of the SSRI antidepressants in the late 1980 s, it had been the hope of obstetrical and mental health providers everywhere that drug treatment of depressed pregnant women would lead to improvement in mood and avoidance of harmful behaviors, such as smoking and drug use. This would lead to better pregnancy outcomes, for example, fewer miscarriages, preterm births and newborns with problems. This was the theory but not a single study has ever shown this to be true. When pregnant women taking SSRI antidepressants are compared with a 'control' group of depressed pregnant women who are not taking such medications, the patients taking the medications only have worsened obstetrical outcomes-never better. The rates of miscarriage, preterm birth and other obstetrical complications are not lowered in the antidepressant group, in fact they are either not statistically different or higher than in women not taking antidepressants.
Depression and reproductive outcomes
Depression in women of childbearing age and pregnant women is common. While there are concerns with the risks of antidepressant use during pregnancy, these concerns should not be used as an excuse to ignore depression in these women. These women require care and supportive counseling so that they can make fully informed decisions regarding their care during pregnancy.
Several studies have specifically tried to investigate the association between maternal depression and adverse pregnancy outcomes. The most concise overview on this topic can be found in the joint report from the APA and ACOG on the Management of Depression during Pregnancy (Yonkers et al, 2009 ). In their section on Maternal Depression and Adverse Reproductive Outcomes, Yonkers et al. (2009) review the impact of depression on miscarriage, growth, preterm delivery and neonatal problems as well as the long-term effects on offspring. Regarding miscarriage they concluded: 'There is a paucity of information about depression and spontaneous pregnancy loss'. Regarding growth effects: 'The current state of information does not support or refute an association between MDD and LBW [low birthweight] or SGA [small for gestational age] delivery'. Concerning preterm delivery they wrote: 'The same limitations discussed above apply to the outcomes of PTD [preterm delivery] and gestational age, and thus, available data neither support nor refute a link between MDD [major depressive disorder] and these outcomes'. Conclusions regarding the neonatal effects and long-term effects on the offspring were similar.
In short, it is unclear from the available evidence whether there is an association between pregnancy complications and depression. The belief that this association has been established is prevalent, however, prompting one expert to note: 'Although this belief is strong among some investigators, the evidence to support the independent association of depression with these outcomes is weak' (Palmsten and Hernandez-Diaz, 2012 ).
Alternatives to SSRI use
Different complimentary modalities to treat depressive symptoms have been assessed. These include psychotherapy, exercise, relaxation training, yoga, acupuncture and various nutritional supplements.
The majority of research to date on non-pharmacological treatments for depressive symptoms has been on the efficacy of psychotherapy, specifically CBT. CBT is a short-term form of therapy in which the patient is taught to recognize and challenge distorted automatic beliefs about themselves, their environment and their future. There is overwhelming evidence that CBT is equivalent to antidepressant medication in the treatment of mild-to-moderate depression and Risks of serotonin reuptake inhibitors in infertile women more recent research indicates that it is effective in the treatment of severe depression as well . In one meta-analysis, published in a leading psychiatric journal, of CBT versus medications use in severely depressed outpatients, the authors concluded that CBT should be the treatment of choice: 'Until findings emerge from current or future comparative trials, antidepressant medication should not be considered, on the basis of empirical evidence, to be superior to cognitive behavior therapy for the acute treatment of severely depressed outpatients ' (DeRubeis et al., 1999) .
In addition, the relapse rates are lower in patients who use CBT compared with medication for the treatment of depressive symptoms (Hollon et al., 2005) . Finally, SSRI use is the most expensive of the treatments involving medication; CBT is more cost-effective (Vos et al., 2005) . Patient education is crucial; when depressed patients were surveyed as to their preference of CBT versus medication, the outcome was significantly positively impacted if patients received their preferred form of treatment (Mergl et al., 2011) .
There is limited research on other treatments for depression. The strongest evidence other than psychotherapy/CBT in the general population is for physical exercise (Nahas and Sheikh, 2011) . There is concern however that depressed patients might lack the motivation to change their lifestyle habits, and vigorous exercise might suppress fertility in some patients.
Relaxation training is simpler than CBT and requires less time/ training; it is more effective than no treatment but not as effective as CBT (Jorm et al., 2008) . There are also some data that yoga may be an effective treatment for depression (Shapiro et al., 2007; Javnbakht et al., 2009; Cabral et al., 2011; Field, 2011) , although there are some limitations to the research methods (Uebelacker et al., 2010) . However, since it is a form of treatment with no side effects, it is a treatment worth considering, especially as an alternative to medication.
There have been no RCTs to date which support the use of acupuncture for the treatment of depressive symptoms (Smith et al., 2010; Andreescu et al., 2011; Ernst et al., 2011; Schroer and Adamson, 2011) . Past research is limited by issues with patient selection, non-standardized protocols and inadequate outcome assessment.
Nutritional supplements for the treatment of mental health disorders have received more attention recently and for two of them, omega-3 fatty acids and myo-inositol, there is some evidence to support their use. A meta-analysis concluded that there was evidence to support the use of omega-3 fatty acids in the treatment of depression but recommended it be used as an adjunctive treatment owing to the lack of 'systematic use' . Other research on omega-3's has supported its efficacy; one study on adult depressed patients reported 'highly significant results' when compared with a placebo (Osher and Belmaker, 2009 ) while other research supports its efficacy in reducing anxiety (Kiecolt-Glaser et al., 2011) .
Finally, myo-inositol has been of interest lately due to the theory that its therapeutic action is similar to an SSRI since it is a second messenger of serotonin. A recent study on women with premenstrual dysphoric disorder indicated that two different doses of myo-inositol were more effective than placebo in the treatment of depressive symptoms and daily symptoms (Gianfranco et al., 2011) .
Alternatives to SSRI use in the infertile population
In a review of the literature on depressive symptoms in infertile patients, the authors encourage the use of psychotherapy as a first-line treatment (Wilkins et al., 2010) . Specifically, they recommend that practitioners '. . .take into consideration that the individual may be pregnant or soon become pregnant. Therapies which pose no risk to the fetus should be used first. . .Psychotherapy is an excellent, firstline treatment of mild-to-moderate depression with no risk to the fetus. ' There has been some good quality research on treatments other than SSRI use in infertile women with depressive symptoms. In one study, CBT was directly compared with an SSRI in a placebocontrolled trial; 89 infertile women with minimal, mild and moderate depression undergoing IVF were randomized into one of three treatment groups: (1) CBT, (2) fluoxetine (20 mg for 90 days) or (3) placebo (Faramarzi et al., 2008a,b) . Patients were assessed using the Beck Depression Inventory (BDI) and a self-reported General Health Questionnaire (GHQ). Those subjects with a score identifying severe depression were excluded from participation. Whereas fluoxetine was associated with an improvement in three GHQ subscale scores (anxiety, social function and depression), CBT was associated with improvement in four (anxiety, social function, depression and psychosomatic signs). Although both fluoxetine and CBT significantly decreased the mean BDI scores compared with the control group, the decrease in the CBT group was significantly greater than that of the fluoxetine group; 79% of the CBT patients reported significant decreases in symptoms compared with 50% in the medication group and 10% in the control group.
Much of the research on individual and couples counseling does not show a significant impact on depressive symptoms (Hammerli et al, 2009) . However, the research on more active forms of psychotherapy, including CBT, does indicate a significant impact on symptoms (Table 2) .
Research supports the efficacy of CBT delivered in a group format to treat depressive symptoms with this patient population (Stewart et al, 1992; Facchinetti et al., 2004) . Infertile women who participated in a 10-week CBT-based group treatment program experienced significant decreases in depressive symptoms and in fact the depression mean scores at the end of treatment were in the normal range (Domar et al., 1990 (Domar et al., , 1992 (Domar et al., , 2000 . Women who were in the highest quartile of depressive symptoms at the beginning of the mind/body program had significantly higher pregnancy rates within 6 months of program completion than women who had the lowest scores, suggesting that depression suppresses fertility and a decrease in symptoms is associated with conception (Domar et al., 1999) .
There were no studies found for the treatment of depression in infertile women by acupuncture, yoga, exercise or nutritional supplements.
Summary
There is evidence that the majority of infertile women will report depressive symptoms at some point during their treatment, especially following unsuccessful treatment cycles. The prevalence of SSRI use in this patient population is unknown but probably is in the 4 -11% range. According to the CDC, .1% of the babies born in the USA each year are the result of an IVF cycle. In 2010, there were 154 417 IVF cycles performed, which resulted in the birth of 61 561 live infants. This suggests that anywhere from 6177 to 16, 985 IVF cycles were conducted while the patient was taking an antidepressant, and anywhere from 2462 to 6772 infants may have been exposed to an antidepressant, at least at the time of conception. This does not include the thousands of infants conceived following other forms of infertility treatment whose mothers were taking antidepressant medication.
There is little evidence of benefit from antidepressants prescribed for infertile women. More broadly, there is little evidence of benefit from the antidepressants prescribed for the majority of women of childbearing age-and there is ample evidence of risk. The best available evidence suggests that antidepressants do not provide clinically meaningful benefit for most women with depression. When used by pregnant women, antidepressants do not improve pregnancy outcomes. On the contrary, these agents have been shown to lead to increased pregnancy complications. Pregnant women taking antidepressants have been shown to have higher rates of miscarriage, preterm birth and neonatal health issues.
One study indicated a 68% relapse rate in pregnant women who discontinued antidepressants compared with a 26% rate in women who continued to take their medication . However, this was not a randomized study and it was also not placebo controlled. In addition, the pregnancy outcomes were not reported. In terms of reassurance to the infertile population, there was a trend for married women to be somewhat protected against relapse when compared with single women, and women older than 32 years had a 60% reduction in the relapse rate compared with women younger than 32 years. Yonkers et al. (2011) found the opposite to the Cohen et al. (2006) study, showing no association between antidepressant use by pregnant women with a history of depression and the risk of a major depressive episode.
When a significant number of pregnant women are being exposed to an agent, it is essential to question whether that agent is providing benefit and what the likelihood is for harm. Some of the greatest medical 'tragedies' (e.g. thalidomide and diethylstilbestrol (DES]) have been the result of widespread treatment of pregnant women with agents that were later shown to be harmful. In particular, one of the tragedies of the DES experience is that there was no proof that it was effective for what it was prescribed for, in other words DES did not decrease the risk of pregnancy loss. The risks of DES exposure are now well known. At the current time, there is minimal evidence that antidepressants provide a significant benefit to women struggling to conceive. On the contrary, there is mounting evidence that SSRIs may in fact decrease the pregnancy rates from fertility treatment, increase the risk of pregnancy loss and are associated with risks to the fetus throughout the pregnancy and beyond. Unlike the options facing physicians in the 1950 s and 1960 s, when there were no proven alternative treatments for pregnancy loss, at the current time there is evidence for other modalities which can help treat symptoms of depression in infertile women.
Physicians, nurses and other health-care professionals who care for infertile women need to become more vigilant about directly questioning patients about antidepressant use and should encourage these patients to speak to an experienced mental health professional for a full discussion regarding the risks and alternatives to these agents for women of childbearing age. Some patients, with a strong history of recurrent depression who are psychologically stable on an SSRI, may choose to continue to take medication but it is important that they understand the potential risks. All infertile patients who have a history of depression and/or are currently taking antidepressant medication, and the providers who care for them, need to have a complete understanding of what the literature shows in this area and the importance of investigating alternatives other than medication. 
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